A generalized digital contouring program by Jones, R. L.
c k I 
A GENERALIZED DIGITAL 
CONTOURING PROGRAM 
by Ruben L. Jones 
Langley Research Center 
Hamptolz, Va. 23365 
N A T I O N A L  AERONAUTICS A N D  SPACE A D M I N I S T R A T I O N  W A S H I N G T O N ,  D. C. J A N U A R Y  1971 
https://ntrs.nasa.gov/search.jsp?R=19710005179 2020-03-23T16:56:04+00:00Z
TECH LIBRARY KAFB, NM 
NASA TN D-6022 
- - -. 
I 1. Report No. 
4. Title and Subtitle 
A GENERALIZED DIGITAL CONTOURING PROGRAM 
I111111 11111 lllll lll Ill lllll lll //(I 1111 
0132793 
5. Repor t  Date 
6. Performing Organization Code 
January 1971 
I 2. Government Accession No. I 3. Recipient's Catalog No. 
~ 
9. Performing Organization Name and Address 
NASA Langley Research Center 
Hampton, Va. 23365 
12. Sponsoring Agency Name and Address 
National Aeronautics and Space Administration 
Washington, D.C. 20546 
10. Work Unit No. 
185-42-12-01 
11. Contract or Grant No. 
13. Type of Report and Period Covered 
Technical Note 
14. Sponsoring Agency Code 
7. Author(s) 
Ruben L. Jones 




8. Performing Organization Report No. I L-7273 
18. Distribution Statement 
Unclassified - Unlimited 
19. Security Classif. (of this report) 
Unclassified 
~- 
15. Supplementary Notes 
~- - 
16. Abstract 
A computer program which generates contour charts from depth matrices has  been 
written. 
matrix is computed from a weighted series of gradients, each of which is computed from 
neighboring control points. 
The maximum dimensions of the depth matrix are 60 by 60. Each element of the 
A maximum of 1000 control points can be processed at one 
20. Security Classif. (of this page) 21. No. of Pages 22. Price' 
Unclassified 78 $3.00 
time. 
I 
A GENERALIZED DIGITAL CONTOURING PROGRAM 
By Ruben L. Jones 
Langley Research Center 
SUMMARY 
A generalized digital contouring program is presented and discussed. The con- 
touring program was developed by combining desirable characterist ics from several  
existing contouring programs and can be easily adapted to many different research 
requirements. 
be made with ease. 
The overlaid structure of the program permits desired modifications to 
The contouring program performs both the task of generating a depth matrix from 
either randomly o r  regularly spaced surface heights and the task of contouring the data. 
Each element of the depth matrix is computed as a weighted mean of heights predicted at 
an element by planes tangent to the surface at neighboring control points. Each contour 
line is determined by its intercepts with the sides of geometrical figures formed by con- 
necting the various elements of the depth matrix with straight lines. 
Both input and output of the digital program are described, as well as the critical 
program variables and tests. The program variables, subroutines, overlaid programs, 
and the listing of each are described and cross-referenced. 
of 552 data points is furnished. The resulting computer output listing, as well as the 
contour chart, is shown. 
A sample problem composed 
INTRODUCTION 
Contour charts are usually thought of as being two-dimensional pictorial representa- 
tions of topographic formations of land masses  relative to a smooth mathematical refer- 
ence surface (datum surface). Contour charts can also be useful in portraying data which 
are obtained during the course of research in various scientific disciplines and which 
would ordinarily be tabulated. Any set of data, such as barometric pressure relative to 
sea level, whether computed o r  observed, which can be referenced to a two-dimensional 
coordinate system can in principle be represented graphically in the form of a contour 
chart. 
series of contour charts, each of which represents the observations within a section 
through the field. Mathematical formulations of complex problems can also be studied 
with the aid of contour charts. In fact, the utility of contour charts is limited only by the 
Further, scalar variations in three-dimensional space are representable by a 
user 's  ingenuity in adapting the data to a form suitable fo r  graphic representation 
(contouring). 
Since the usual technique for  drawing contour charts requires that each scalar 
magnitude be plotted within a rectangular grid before contour lines are drawn, a digital 
contouring program is desirable from the standpoints of efficiency and manpower 
requirements. 
fully studied for accuracy, efficiency, and so  forth, and each was found to have desirable 
characteristics. A digital contouring program incorporating the best characteristics of 
each as well as certain improvements in data processing was considered desirable. 
objective was to develop a simplified, generalized digital contouring program, which 
could be readily adapted to many different research needs. This paper describes that 
program and the analytical concepts upon which it is based, as well as its operation. 
The program is written for the Control Data 6000 series computer systems and relies 
on l ibrary functions and routines found in references 2 and 3. 
Several existing contouring programs (for example, ref. 1) were care- 
The 
SYMBOLS 
A, B,C, A', B', C', D' coefficients of the equation of a plane 
F 
H 
i , j  
- -  









elevation (scalar variation) above reference plane o r  line 
variables 
x-, y-, and z-component, respectively, of a vector 
last variable in a series 
dimensions of depth matrix 
magnitude of a vector normal to surface or  curve 
vector normal to surface o r  curve 
control point 
vector connecting two control points 
R ratio between two radial distances, rj/rk 
r radial distance between two points 
U discrepancy in a variable 
W computed weight 
x,y rectangular coordinate axes with arbitrary origin 
X, Y coordinates of a scalar  variation in X-Y coordinate system 
Z function representing elevation (height) of a plane at an arbitrary point 
in that plane 
Z height of plane at arbitrary point 
6 incremental change or discrepancy 
Subscripts: 
i,Ln arbitrary variables 
k,k' last variable in a se r i e s  
2 particular variable o r  reference 
X, Y x- and y-components of a vector 
DESCRIPTION OF PROBLEM AND METHOD OF SOLUTION 
The science of graphic representation of scalar variables as a function of two inde- 
pendent variables has been the result  of two advances in computer technology - first, 
the development of supporting equipment which can interpret computer instructions to a 
mechanical plotter and second, the ability to process large masses  of data at one time. 
Digital contouring programs, as a rule, perform two basic functions. First, a grid 
of equally spaced surface heights (terrain, for example) is generated from randomly 
spaced surface elevations. Since each coordinate of the grid point is equally distant from 
its neighbors, a grid for surface heights can be represented by a matrix of elevations 
3 
... 
(the "depth matrix"). Thus, the value at each element (mesh point) of the depth matrix 
represents an elevation above or  below a given reference, and the location of the element 
in the a r r a y  (matrix) corresponds to  its location within the grid relative to the grid 
origin (the (1,l)  element of the matrix). The second function of a contouring program is 
plotting the contours of the surface represented by the depth matrix. 
Depth Matrix 
A segment of a surface profile within a section through a three-dimensional su r -  
face is shown in  figure 1. Within the figure the control points P and P. are near 
j J +n 
r 
Figure 1.- S e a e n t  o f  a surface p r o f i l e  passing through a g r i d  point and 
two control  points .  
neighbors to the ith grid point, and the planes Z. 
J 
surface at P 
As can be seen, the heights of the planes at i are z. and z ~ + ~ ,  and each is an approx- I 
imation of the height Hi of the profile a t  the grid point. Further, an improved approx- 
imation of Hi is obtained from the average of the z values, and when each Z is 
assigned a weight W., which is a normalized monotonic function of the distance r of j 
from the grid point i, a better estimate to the height of the profile a t  i is given by the 
expre s si on 
and Zj+n, which are tangent to the 




H- 1 = f WjZj 
j = l  
4 
where k' 
tion of Hi and the control point farthest from i. If 
represents both the total number of control points entering into the computa- 
when 
then, since an expression for a normalized weight must satisfy the condition 
w j = l  
j= 1 
an expression for W., which is a monotonic function of the radial distance of j 
the ith grid point, can be written as 
from 
J 




A s  can be shown, W. diminishes from a maximum of 1 when j = i to a minimum of 
zero when j = k' . J 
From the foregoing calculations, it is apparent that the height Hi of a surface 
above a reference plane can be estimated as a weighted series of heights, each of which 
is the height predicted at the grid point by a plane tangent to the surface at each control 
point. The accuracy of each estimated height is a function of the number k' of neigh- 
boring control points used in the computation and of the distribution of the control points 
about the grid point, as well as their proximity to the grid point. Further, conditions 
were placed on the spacing of the control points relative to each other, and each height 
Hi is independent of grid spacing and orientation. 
As stated, the elevation at each grid point is estimated from a weighted series of 
heights, each of which is the predicted height of a tangent plane above a reference plane 
5 
I .. 
(datum plane). If Fi is a function in x, y, and z which represents the equation of a 
plane tangent to  the surface at the ith control point, then a general equation for  the tan- 
gent plane is 
Fi(xi,yi,zi) = A; + B!x. + C!Y. + D: Z. = 0 
1 J  1 . l  1 . l  
where zj is the height of the tangent plane above the datum plane at any ("jYj). Fur-  - 
ther, since the surface gradient is proportional to a unit vector Ni 
face at i, 
normal to the su r -  
- 
Gradient = VFi = Bi i  + C f j  + Dik - Ni 
where v is a mathematical operator having the form 
Thus, 
N,,i - Df 
a r e  the components of a vector normal to the surface at the ith control point. 




and at any x. y. 
J '  J 
Each gradient for the ith control point is computed from a least-squares minimiza- - 
tion process. If 9 
with the ith control point (the reference control point), the unit normal fii which mini- 
mizes the weighted sum of the squares of the projections of each a. J 
Analytically, 
is a vector joining a neighboring j th  control point (a total of k) 
onto fii is found. 




k' = k. From equation (7), the 1, 3, and 
is the weight for  each control-point pair  as defined by equation (3) when j 
components of Ni are determined. 
The limiting indices k and k' imply that the number of control points utilized 
for the gradient computation and the grid-point computation may differ. In practice, a 
value k = k' = 10 is usually satisfactory for  all the computations in the expressions 
discussed above. It is, however, required that the distribution of control points about 
the ith point be reasonably uniform. For  instance, if all the points should lie along a 
straight line o r  in a narrow band, the solution will be indeterminate. Thus, the digital 
contouring program searches the input data in an attempt to select only those neighboring 
points which will permit a good solution to each fii. To search the data, neighboring 
points are selected by incrementing the inner and outer radii of a ring by one-tenth of 
the distance between grid points (the difference between the two radii). Further, to avoid 
the possibility of the control points being on a line with i, the sine of the angle included 
by each pair  of ai vectors is not allowed to be less than 0.17. The inner and outer 
radii are incremented until either k control points have been selected o r  the outer 
radius has reached a value equal to 10 t imes the grid separation. If the distribution of 
points is poor, the gradient at the ith control point is rejected, and processing is con- 
tinued until each of the remaining gradients have been either evaluated o r  rejected. 
From the foregoing discussion, it is important to note that each of the expressions 
is indepen,dent of all assumptions pertaining to the depth-matrix orientation, origin, and 
so forth. Thus, the origin o r  spacing of the equally spaced surface grid can be changed 
at will without affecting the computed gradients of the represented surface. 
At each control point the digital computer program evaluates first the gradient as 
described and then each coefficient in equation (5). The tangential-plane coefficients at 
each control point are then utilized in equation (1) to evaluate the scalar  variation at each 
7 
mesh (grid) point in the depth matrix. All computations are performed in the units of 
the x- and y-coordinates for the control points. 
Numerical Techniques 
A basic assumption of the contouring routines in  the program is that each element 
i n  the matrix is both positive and nonzero. Since a particular element evaluated as 
described can be legitimately either negative o r  zero, a positive bias is added to each 
element after evaluation. The bias is determined by the program as an integral multiple 
of 10 000. The integer multiplier is determined as the least value which when multiplied 
by 10 000 and added to either the minimum anticipated scalar  variation or the actual min- 
imum data point (a program option) will result  in a positive nonzero number. Unfilled 
elements in the depth matrix (a result  of insufficient control-point density) can then be 
detected and filled by a subsequent routine. 
The depth matrix is subjected to numerous tests (for example, smoothness) and is 
corrected where desirable. If the relative difference in elevation between two consecu- 
tive elements of the depth matrix is found to exceed a maximum slope assigned by the 
user, the elements are adjusted relative to each other. The net effect of this operation 
is to smooth the depth matrix. Further, if elements within the depth matrix are found to 
be unfilled due to inadequate control-point distribution, the element is filled by use of 
either interpolation o r  extrapolation. 
60 by 60 o r  be less than 3 by 3. 
Finally, dimensions of the matrix cannot exceed 
One test is performed to  aid the user in evaluating the quality of the matrix f i t  to 
the actual input data. The actual position of each control point is used to obtain an esti- 
mate from the depth matrix of its predicted scalar variation by interpolating between 
elements of the matrix. When the predicted and observed values are compared, a slight 
discrepancy 6Hi should result, since the matrix is at best an approximation to the true 
surface. Each 6Hi can then be categorized on the basis of whether it falls within the 
limits 
where 
uj = u. + 6U 
J - 1  (9) 
Thus, the distribution of the discrepancies is determined and plotted as a frequency dis- 
tribution curve. The program allows for all values of Uj where 




6U = 20 
Contour Plots 
The program contours one 3 by 3 submatrix of the m by I depth matrix at a time. 
Basically, by assuming no interpolation between mesh points, each 3 by 3 submatrix can 
be subdivided into a se r i e s  of adjacent triangles by connecting each set of three elements 
with a straight line as shown in figure 2. 
each side of each triangle beginning with triangle I and progressing clockwise around the 
squares. In the figure, the order  in  which each side of a triangle is considered is also 
shown. Intercepts a r e  determined by assuming that each side is sufficiently small  to 
permit the elevation difference to be linearly related to the side length. (See ref. 1.) 
Contour intercepts are then computed along 
2 
Figure 2.- The geometry of a 3 by 3 submatrix when subdivided by connecting 
groups of three elements with straight lines. 
9 
The procedure is always the same regardless  of the number of elements in  the 
depth matrix o r  the order  of interpolation required between gr id  points. Interpolation 
between gr id  points is a linear expansion of each 3 by 3 submatrix into a larger  sub- 
matrix. This process  is repeated within the expanded submatrix until each element of 
the original 3 by 3 matrix has been considered. At this point a new 3 by 3 submatrix is 
processed in a s imilar  manner, the third column of the first matrix becoming the first 
column of the second matrix. 
The depth matrix is processed three rows at a time. If the number of elements in 
any one direction of the depth matrix is even, the resulting contour chart is terminated 
prematurely in that direction. Thus, it is conceivable that the depth matrix may not be 
plotted in its entirety. 
- 
OVERLAY( 1, o ) OVERLAY( 2 , O )  
PROGRAM ORGANIZATION AND DESCRIPTION 
OvERLAY(3,O) 
L 
The digital contouring program is written in FORTRAN IV for the Control Data 
6000 se r i e s  computer systems, is overlaid, and requires  approximately 65 000 octal 
words of storage. The overlay structure is shown in figure 3. 
OVERLAY(3,l) OVERLAY(3,3 c " A Y ( 3 , 2 )  
10 
Each overlaid program and the subroutines associated with it are listed in table I. 
F o r  each program or subroutine, the required storage (in octal words) and the function 
are given. Further, the page numbers serve as an index to  the listing and the more 
detailed discussion of each nonsystem program and subroutine. 
not discussed in detail. 
System subroutines are 
Figure 4 is a flow chart  showing the interrelation of the various overlaid programs 
and subroutines. The arrowheads indicate the direction of flow, and the circled numbers 
(1, 2, 3, etc.), with the exceptions of 8 and 9, indicate the o rde r  in which each overlay 
and subroutine is executed. The connectors 8 and 9 refer to  disk files which were gen- 
erated in one overlay as input to another routine. The letters a, b, and c indicate the 
order of flow from and to common program connectors. 
The flow chart is rather detailed in its portrayal of the major functions of each 
program overlay and of each major subroutine. The various program options are indi- 
cated, as well as some of the more critical decisions. Emphasis has been placed on the 
program decisions which would terminate the execution of a routine in a normal fashion. 
It is necessary, however, to point out that certain program diagnostics which will abort 
the program are not shown but will be discussed subsequently. Additional flow charts 
are considered to be redundant and are not presented. 
11 
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CONTOUR, the program executive, has three main functions. First, it reads the 
program options and constants. Second, it supervises the execution of each of the three 
lower level overlays. Third, storage for each ar ray  and program constant, which is 
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33 
34 







READIT is the first overlay which is subordinate to CONTOUR. READIT is 
responsible for  reading the X- and Y-position and scalar variation (Z-component) for  
each control point. As pointed out, the data may be read from tape or cards and may be 
either fixed or floating point. READIT applies the appropriate conversion to the input 
data. Further, the NW, NE, SW, and SE coordinates of the rectangle which will include 
all the control points, as well as IDIST (the distance of each control point from an arbi- 
t r a ry  origin), are determined by READIT. Each control point My N, and IZ is then 
written on the appropriate file for use later along with IDIST and a code ICODE which 
se rves  to  warn subsequent routines when the data have almost expired. 
39 
4 0  
41 
4 2  
4 3  
44 
4 5  
46  













6 0  
61 
62 
6 3  
6 4  
65 
66 
6 7  
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8 1  
82  
8 3  
8 4  
8 5  
8 6  
87 
8 8  
























SORTIT is an optional overlay which is responsible for setting up the appropriate 
input to SORTB, which in  turn calls the SORT/MERGE routines of the computer system. 
These routines a r e  very flexible and will utilize all the storage allotted to them. 
Regardless of which sorting option is chosen (fig. 4), ICODE is the primary var i -  
able. In this manner, the codes 9 and 99 are retained at the end of the data file. This 
























1 3 4  
135  
136 







1 4 4  





1 5 0  
16 
Program COUPLE 
COUPLE is the last of the three major overlays subordinate to  CONTOUR. 
COUPLE is assigned the function of coupling the three lower level overlays. Further, 
storage for the depth matrix is set aside. 
O V E R L A Y  ( L I k K p  3 rO) 
PRUGRAM COUPLE 
COMMON / Y L K 1 /  MAT 
o I M E & S  I O N  M A T  I 60 6 3  
CUlYMON /L  XNKUC/ L I N k r K E C A L L  
DO 1 I = l r 6 0  
DO 1 J = l t 6 C  
1 MAT(I.JI=O 
C A L L  O V E R L A Y  ( L  I N K 9 3  r l r R E C A L L  1 
C A L L  O V E X L  A Y  
C A L L  O V E ~ L A Y ( L I N ~ r 3 r Z ~ K E C A L L )  
R E T U R N  
END 
( L 1 N K  9 3 t 3 t R E C A L L  J 
Program MATCAL 
MATCAL furnishes a link between the subroutines GRIDIT and REGRID. 
OVERLAY L L I h K r 3 r l  
CGMMUN / L I N K D C /  L I N K t K E G A L L  
PKOGHAM MATCAL 
REWIND 7 
C A L L  G R I D I T  
C A L L  KtGRID 
RE TURN 
E N D  
1 5 1  
152 
1 5 3  
1 5 4  
1 5 5  
1 5 6  
157 
158 












1 7 1  
17 
Subroutine GRIDIT 
GRIDIT is the first of several  subroutines which have the responsibility for gen- 
erating an adequate depth matrix. The indicated flow between connectors 5a and 5b 
(fig. 4) is descriptive of its functions. 
This routine is the largest consumer of computer time. The block in which the 
gradients a r e  computed first searches the data for control points which a r e  adequately 
distributed about the control point for which the gradient is desired. In the process  of 
searching the data, no control point which has a relative difference in  elevation suffi- 
ciently large to yield a slope greater  than TANG (an input variable) is accepted. Further, 
IDMX is the maximum scalar  difference allowed for  the product of the distance R 
between the control points and TANG. Thus, it is possible for all the control points to be 
considered several times. To reduce this undesirable consumption of time, DIST can be 
increased o r  KMAX can be decreased. If the time problem is not solved by these actions, 
the data should be examined carefully. 
Each evaluated element of the depth matrix is made positive by adding a multiple 
of 10 000 to it. This constant is denoted as IADDI and is computed from the minimum 

































241 F U R M A T (  / I  
2 4 2  F O R M A T ( *  THl iS , * )  
L A B L = O  
C S L O P E L = l  . O / S 3 R  T (  I. - I)+TANG**2 ) 
CSLOPE-0.9 
I F  I . C S L O Q E ~  G T m C S L L I P E l  I C S L C I P E = C S L O P E l  
243 F O R M A T ( l H l r *  THE F O L L i l d l N ;  1 5  I N F U K M A T 1 3 U  P E R T A I ' J I N G  TO T i l €  D E P T H  
l M A T K l  X--S AZ EIOA M t R i S I  UNS P E TG. * / / /  I 
M I  NMAX=O 
I F ( M I N I . N E . 0 . OR. Pi AX I . N E. 5 I 
I F  (MIiNMAX.EO.0) 200920L 
M I iq MAX = 1 
200 M I N I = 2 0 0 0 0 0  
201 CUNTINUE 
M A X I = - 2 0 2 0 3 0  
SP=O1 S T  
I PTOK=O 
C A L L  C G N V E R T l S P I  
P H I N T  2030 
P R I N T  2'302 r M I N h K R 3 . M A X ~ K D 2  
P R I N T  2 0 3 3 * M A X w K O 3 r M 1 N w R D 2  
C A L L  CONVERT ( D I S P G K U )  
8 FORMAT ( F 5 . 2 v F 1 0 . 4 r 2 1 5 9 1 5 1  
10 FORMAT (2110)  
I F  ( I F Y P I  4.394 
3 IY=KCHN(3)-KORN(l I 
GO T U  2 
4 I Y = K O R N L l ) - K G R N ( 3 )  
2 YMAX=FLOAT ( I Y 1 
C A L L  CCINVERT (YMAX I 
l X = K U R E  ( 3 1 - K U K t  ( 1  I 
XMAX=FLOAT(  I X I  
C A L L  C O N V E R T ( X M A X I  
J J- 1 F I X I  YMA X / 5 P  I + I 
K K = I F A X ( X M A X / S P ) + l  
I F  I X M a X - F L U A T ( K ~ - l I * S P . G T . 3 . 0 1  K K = K K + l  
LF I Y M A X - F L O A T  ( J J - 1  ) * S P . G T  a 0 . 0 )  J J = J J + l  
I F  (AK .LT .3 .dK .JJ .LT .3 )  3019302 
I F  I ~ K . t i T . ~ O . U ~ . J J . G 7 . 6 ~ )  233.231 
302 C O N T I N U E  
301 P R I N T  3'33 
GU T U  334 
2 3 3  P N I N T  232 
304 Z O N T I N U E  
P K I N T  2 0 0 8  
P R I N T  2 0 3 4 , Y M A X  
P R i N T  2 O C 5 ,  X M A X  
P K I N T  2 0 3 6 v J J  
PkLINT 2 0 0 7 9 K K  
P R l N T  243 
232 F O R M A r W  S I N L E  G I 5 1  I S  TOO S M A L L  T H E  M A X I M U M  DIMENSIONS O F  T d E  DE 
3G0 F O R M A T ( *  S I N C E  d I S T  I S  T O 3  LARGE THE M I N I M U M  DI?4tXVSIONS 13F T i E  DE 
L P T H  M A T R I X  ARE E X C E E D E D - - I I 6 0 i 6 0 ) * I  
l P T H  M A T R I X  V I 3 L A T t D - - 1 ( 3 * 3 ) * )  
GO T U  2 1 5  
231  C U N T I N U E  
1 ID*/ ) 
2008 F O i i M A T ( / / *  D I ! 4 E N S I G N S  OF i t E d L J I R E D  P L O T T I N G  SOREACE k X C L U S I V E  O F  G R  
P R I N T  2 0 3 8  












2 14  
215 





2 2 1  
2 2 2  
223 
224 
2 2 5  





2 3 1  
2 32 
233 























2 5 7  
2 58 
2 59 




Di) 1 8 0  r < = L v K K  
M A T ( J s K I = O  
180 C O t Y T l N c l E  
K =  1 
P R I N T  2334s Y M A X  
P R I N T  20059 X M A X  
P K I N T  2 9 3 6 .  J J  
P R I N r  2 0 0 7 s K K  
T E S l = l .  11€+20 
s=-2 
UO 740 1 ~ 1 s  1 0 9 3  
DC 7 4 0  J = l r 3  
740 G I  J I  I ) = T E S T  
104 C A L L  K E C ~ ~ ( ~ ~ ~ ~ ~ ~ K I ~ C O ~ ~ , I X , I Y I  1 2 ,  I D I S F )  
I F  ( I F Y P I  4 0 r 3 0 , 4 0  
30 I Y = ( - 1 I + l Y  
43 C O N T I N U E  
I F  (ICUUk.E0,99) GS TO 2 2 1  
I F  t i C i J T . ~ Q . 1 3 ~ 3 . A N U . I C O D E . L T . 9 )  2 0 2 , 2 0 3  
202 P R I N T  211 
GU 10 2 1 5  
211  FORMAT(:* YGU I A V E  UVEk l C 0 0  CONTKUL P O I N T S .  * / *  A D D I T I O N A L  C O N T i O L  
1 P O I N T S  CAN NGT 8 E  A C C E P T t D * * / *  S T O R E D  D A T A  M A Y  N J T  ADEQUATELY REPR 
Z E S E N T  AREA T L  B E  C U N T O U R E 0 . t )  
203 C G N T I N d E  
I F  ( 1 A B L . F O . C )  2 0 4 9 2 0 5  
2 0 +  I F  ( M I N M A X . t w . 3 1  212 ,213  
212 P K I N J  2 2 b  
L A i j L = l  
P K I N T  2 4 2  
2 0 6  e u m A r ( *  yctu A A V ~  t L t c r , E u  r 3  REJECT NI C C I V J R C ~ L  wrNrs*) 
2 G 7  FtihWAT(* YUlr i 1 A V t  E L t C r E D  Ta R E J E C T  ALL CONTROL P O I N T S  d I T H  S C A L A R  
1 V A R I A T I S N S  L E S S  T r i A I \ I * I S *  A N J  GREATER T H A U * I 6 )  
2 C B  F O R M A T ( *  YOU H A V t  A P I N I M U M  SCALAR V A i i I A T l i l N  O F * I 1 3 I  
209 F O H M A T ( +  YUU H A V E  A M A X l M U M  S C A L A &  V A R I A T I O N  O F + 1 1 3 )  
213 P K l h T  2 C 7 9 M I r \ j l  , M A X I  
GO T u  21C 
A A 3 1 - 1  
P R I N l  2 4 2  
I M A N 1 = 2 3 C O 3 C $ I M A X I = - 2 0 0 3 3 0  
210 C O N T I N U E  
2 1 4  FUt<MAT(* M b S T  T t A M l N A T E  PXdGAAi4  t X E C U T I U N  M I T H  A MODE 4 F A T A L  E R R 0  
1 K *  I 
GU T i l  2 l.5 
2 1 5  C U N T I N U E  
P K I N T  2 1 4  
AL tR io=o  . 3  
AX=E;X / A Z  EgO 
AY=AX*AX 
216 CiJiIT INUE 
205 c w r  INUE 
219 i F  I~~INPAX.N~.DI P x I l v r  ~ G ~ ~ I : - I I ~ I  
I F  4 ICLIUE-.E13.9 1 219,220 
I F  ( M I N M A X . f i E . 0 )  P R l N T  2 0 9 9  I M A X I  
IF I N I N M A X . t 0 . 3 )  P R l N T  2 3 8 s 4 I N 1  
I F  ( M I ! g M A X . t O . O I  P r i I h T  2 0 9 r M A X I  
I A DU I = ( - 1 I * ( 10 U 33 1 6 4 PI 1 N I / 1 3 2 03 ) + 1 3  0 3 0 
M I  N a =  Vi 1IJ I + I ADU I $ M A X  1 = M A X  I + I  A U D  1 




























2 8 7  




















3 1 1  











220 IF IMiNMAX.tQ.0) 217r210 
217 IF (1Z.LT.MINI) MINI=IZ 
i F  (1Z.GT.MAXI) MAXI=IZ 
GO T 3  221 
218 CUNTINUE 
IF (IZ.LT.IMINI) lPlIl!l1=IZ 
IF 1IZ.GT.IMAXI) IMAXI=IZ 
a (  lI=FLOAT( I X )  




I F  ( I C O D E - 9 )  lOOr1133~105 
1133 CALL CKPUINT IB(LI *B(~),IZIIPTUK,ICOOE) 




D ( 2 r  1CNT);BtZ) 
01 3r ICNT J=B (3) 
IF ( IC00k.LT.9) GO TO 134 
B (  3)=FLOATI 1 Z )  
105 CONTINUE 
DO 700 JrlrICNT 
IF (D(l*J).EQ.TEST) GO TO 723 
DO 750 II=lr3 
GRAD( I I ) = U . C  
iji3 ( I 1  
DO 750 IJ=1*3 
A A (  I I . I  J ) = O . O  
1 J=O.  0 
750 CONTINUE 
D X M XI D Y M X=- 100 0 0 
D X I y  N= DY MN= + 1 00 0 0 
DU 705 N2=1*3 




J NUM= 0 
KL A S  T= R S AVE 
RSJM=U.O$KMAX=5.0 
DO 771 13=lrl3i) 
RSAVt=RSAVE+DIST/( 10.0) 
DU 731 L=l,ICNT 
R=O.O 
IF (INUM.EQ.100) GU TU 701 
IF ( D ( l r I l . E O . T k S T . D K . 1 . E O . J )  GO T U  701 
DO 703 Nl=lr2 
IF(Nl.fQ.l)DX=CSAV~(Nl)-~(Nl,IJ 
IF (N1;EQ.Z I DY=L)SAVEII’Jl )-D(Nl . I  ) 
703 K = K + ( C S A V E ( N l ) - D I N l r 1 ) ) ~ ~ 2  
R=SQRT(RI 
I F  (K.LE.RLAST) GO TG 701 
IF IK.GT.RSAVE1 GO TU 701 
I F  ( A B S (  (DSAVEIJ)-DI3, I )  
KADDZ-1 
l,I)).GT.IDWXI GO TO 701 




































































































































































































5 1 4  








5 2 3  
5 2 4  





REGRID first scans the depth matrix generated by GFtIDIT to evaluate its maximum 
and minimum vaiues (IMAX and IMIN) as well as the number of zero (unfilled) elements 
therein. If a border column or  row contains all zeros, the matrix dimensions are reduced 
by TESTI. 
Each zero element is filled and checked by REGRID. Further,  the slope between 
each pair  of adjacent elements in the matrix is checked. If the slope exceeds either 
TANG or  IMAX o r  is less than IMIN, the element is first rejected and then evaluated 
again. It is possible for  this routine to reject the entire depth matrix and terminate the 
job. 
S U B R O U T I N E  R E G R I D  
I N T € G E R  A G A I N  
COMMON / B L K l /  I 
D I M E N S I O N  I ( 6 0 1 6 0 )  
COMMON / B L K 3 /  K M D L M  
COMMON / B L K 4 /  D I S T r T A N G D M  
COMMON / L I M I T S /  M C N I I M A X I I I A D D I  
600 FORMAT i* M I N I M U M  E L E V A T I O N  P K I U R  T O  SMOOTdI rVG = * I101 
601 FORMAT ( *  M A X I M U M  E L E V A T I C N  P R I O R  T O  S M O O T H I N G  = * 1 1 0 e / l  
602 F O R M A T ( / D *  M I N I M U M  E L E V A T I O N  AFTER I N T E K P 3 L A T I 3 N  E T C  = * e I l O s / j  
603 FORMAT I *  M A X I M U M  E X P E C T E D  SLOPE B E T d E E N  T d O  C O N S E C U T I V E  G R I D  P 3 I  
604 FORMAT (2016)  
605 FORMAT ( 1 0 1 5 )  
607 FORMAT ( *  UNSMUOTdED D E P T H  M A T R I X *  / / I  
606 FORMAT ( *  SMOOTrlED D t P T d  M A T R I X * / / ]  
l N T S  = *1F15.5) 
25  FORMAT (1101110)  
6 FClRMAT ( 1 3 e F l O ~ O ~ F 1 0 ~ 5 1  
5 FORMAT (2014) 
I F  ( M I N I  = L T . l O O G )  300 I 302 
300 P R I N T  301  
301 F O R M A T / *  YOU A R E  I N  S U B R O U T I N E  R E G R I D  d I T d  A M I N I M U M  S C A L A R  V A A I A T  
lION W H I C H  I S  T O O  S M A L L * / *  C H E C K  L A S T  M I V I Y U M  S C A L A R  V A R I A T I O Y  I F  
2PROGRAM F A I L S  T O  E X E C U T E  P R O P E R L Y * )  
302 C O N T I N U E  
310 F O R M A T ( l H l I *  T H E  F O L L U r J I N G  I N F O R M A T I O N  R E G A R O I V G  Y J U R  UNSMOOTAED D 
l E P T H  M A T R I X  I S  F U R N I S H E D * / / / )  
311 F O R M A T ( / )  
312  F O R M A T ( l H l r *  THE F O L L O W I N G  I N F U R M A T I C I N  REGARDLUG Ti iE  SMOOTHED D E P T  
1H M A T R I X  IS  F U R N I S H E D * / / / I  
P R I N T  313 
C A L L  T E S T I  
P R I N T  311  
M= 1 
NCNT=O 
P R I N T  607 
DO 711 K = l r K M  
P R I N T  604.t I ( K * J )  r J = l r L M )  
DO 711 L = l r L M  
I F  ( I ( K ~ L J . L T . M I N I . O R . I ( K I L ) . G T . H A X I )  I ( K e L ) = O  
I F  ( I ( K v L J . E O . 0 )  MCNT=MCNT+l  












































800 IF IMCNT.GT.H) M=MCNT 
801 C O N T I N U E  
711  C O N T I N U E  
MCNT=O 
P R I N T  312 
If-  (MoEQ.O)  P R I N T  313 
313 F O R M A T ( *  I T  HAS B k E N  D E T E R M I N E D  T H A T  EAC-1 ELEMENT OF YOUR UNSM30TH 
1 E D  D E P T H  M A T R I X  1s F I A L E W / *  NO ELEMENT WAS FOJND T O  E X C E E D  T H E  11 
2 H I T S  E S T A B L I S H E B  BY Y O U * / )  
I F  ( M o N E . 0 1  P R I N T  314 
314 F O R M A T I *  I T  H A S  B E E N  DET€-RM!NEO T H A r  E A C i  ELEMENT OF YOUR UNSW30TH 
1 E D  DEPTH M A T R I X  IS I N A D E O U A T E L Y  F I L L E D + / )  
C A L L  T E S T 1  
P R I N T  3 1 1  
JC KJ=O 
I C i l E A T = O  
r 
\. T H I S  S E C T I O N  F I N D S  M I N  AND MAX D E P T H S  
I M I N = 2 0 0 0 0  
I M A X = - 1 0 3 0 0  
DO 710 K Z l r K M  
DO 710 L = l r L M  
I F  ( I ( K r L l o G T . I R A X )  7 0 1 e 7 C 2  
701  I M A X = I I K I L I  
702 
703 I M I N = I I K r L l  
I F  { I (KeL) L T o  I W I N  .ANU. I ( K  r L  I oGT.0  1 703r 710 
7 1 0  CONTiNUE 
MAXL= I M A X - I  ADD I 
M I  NL= I M I N -  E ADD I 
P R I N T  3 1 5  
3 1 5  F O R M A T ( *  R E G K I D  WILL N O T  P E R M I T  T H E  I N T E R N A L  E L E M E N T S  O F  I TO EXCE 
1 E D  T h E  F O L L O W I N S  L I M I T , S * / )  
P R I N T  6 0 3 r M I N L  
P R I N T  6 0 l r M A X L  
700 I C N T = O  
A G A I N = 5 0 3 . 0  
K l = K M - l  
L l = L # - l  
I f  ( M o E Q . 0 1  100111 
1 C O N T I N U E  
c * T H I S  SECTION L I N E A R L Y  I N T E R P O L A T E S  T O  F I L L  M I S S I N G  i N T E R I O R  G R I D  P 
DO 20 K = Z * K l  
DO 20 L = 2 r L 1  
I F  II(KrLl.EOoO) lo111 
11 I ( K . 1  J = I  ( K r  L )  
GO TO 20 
10 I F  ( F  ( K - l r L  * E O . O . O K . I ( K + l , L  1 oE0.0 1 1 2 ~ 1 3  
13 I ( K . L I = ( I I K - l . L ) + I ( K + 1 . F ) ) / 2  
GO T O  20 
12 IF I I ~ K ~ L ~ ~ I ~ E Q ~ O ~ Q K ~ I ~ K I L + ~ ~ ~ E O ~ O ~  1 4 . 1 5  
15 I ( K I L J = ~  I ( K r L - l ) + I ( K r L + l )  ) / 2  
GO TO 20 
14 IF ( I ( K t l r L ~ . E Q . O ~ U R o I ( K I L + L ) . E Q . O )  8 ~ 1 7  
1 7  I(KrL)=(I(K+lrL)+I(KrL+l))/Z 
GO TO 20 
8 
7 FIKIL)=(I(K-lrL)+I(KrL-lJ)/2 
I F  ( I ( K - 1  r L  1 EO.OoORo I I K I L - 1  I E O 0 0  1 1 6 9  7 
GO TO 20 
Lb IF I I I K r L + l ) o E Q o O o O R . I ~ K - l ~ l l ~ E O ~ O ~  18119 
570 


























































19 I ( & I L I  = ( I ( K ~ L + l ) + l ( K - l r L J ) / L  
GO TO 20 
18 
21  I ( K I L ) = (  I ( K + l r L ) + I ( K * L - 1 ) ) / 2  
I F (  I ( K + l r L  ) - E d .  0 - O R  I ( KvL-1) e E Q . 0 )  2 0  921 
23 C O N T I N U E  
I C NT= I CN T +I 
I F  (1CNT.EC.M) 2 3 r l  
23 C O N T I N U E  
c 
k F I L L  B L A N K S  I ( 1  r L )  8 Y  1 l N E A R  I N T E K P O L A T I U N  
00 90 L = 2 , L L  
DO 90 K = l , l  
I F  ( I ( K v L ) . E Q . O )  9 1 r 9 0  
91 IF [ I ( K s L + l ) o E d . O o O R o  I ( K , L - l ) r E O . O J  90.92 
92 I I K I L ) = ( I ( K I L + ~ ) + [ I K ~ L - ~ ) ) / ~  
9a CONTINUE 
c F I L L  d L A N K S  I ( 1 . L )  B Y  E X T K A P J L A T I O N  
DO 50 L - l r L M  
DO 50 K = l r l  
I F  
J = I  ( K + 1  r L  1 - 1  ( K + 2  V L  
I ( K I L ) = I  I K + l . l  ) +  J 
I I ( K v L  1 .EC.O.AIUO. ( I ( K + l r L  I .NEoOsANO. I ( K + 2 r L )  . Q E o O J  51150 
5 1  
50 C O N T I N U E  - 
b FILL B L A N K S  I ( K . 1 )  BY L I N E A R  I N T E K P C L A T I O N  
DO 30 K z 2 1 K 1  
DO 30 L = l . l  
If ( I ( K e L ) o E G o O )  31130 
3 1  I F  I I ( K + 1 .  L ) .E 0.0 .OR. I L K - i  , L 1 E8.0 ) 3 0 r 3 2  
30 CONTLNUE 
32 I I K ~ L ) = ( I ( K + l r L ) + [ ( K - I r L )  )/2 
C F I L L  B L A N K S  I ( K e 1 )  B Y  E X T R A P O L A T I O N  
DO 5 5 K = l r K M  
DO 55 L=Lr1 
I F  ( I ( K ~ l ) . E C . O . A N D . ( I ( K ~ L + l I ~ ~ t . O . A K 3 . 1 6 ~ r L + Z ~ ~ ~ E ~ G ~ ~  56,55 
56 J = I ( K * L + l ) - l ( K s L + Z )  
i I K r L ) = I  ( K , L + 1  ) + J  
55 C O N T I N U E  
P 
k F I L L  B L A N K S  1 I K M r L )  BY L I N E A 4  I N T E K P J L A T I O U  
DO 3 5  K = X M r K M  
DO 35  L ~ 2 r L l  
I F  (I(KvL).EC.O) 36.35 
36 I F  ( 1  ( K * L + l )  . E 3 . 0 o O K . I  ( KtL-1 ) e E Q . 0 )  351 37 
37 I ( K ~ L ) = ( I ( K I L + ~ ) + I I K ~ L - ~ ) ) / ~  
35 C U N T i N U E  
c 
b F I L L  B L A N K S  I ( K M * L )  BY E X T R A P U L A T I U N  
DO 60 K=XM.KM 
DO 6C L = l r l M  
IF (I(KrL).Ecl.~).AND.(I(K-LrL)oNt.OoAND~I(K-2rL) -1E.O)) 61.60 
J-1 ( K - 1  r L  1 - 1  ( K - 2  r L 1 
I ( K e L  ) = I  ( K - l r L  ) + J  
61 
60 C O N T I N U E  
c 
ir F I L L  B L A N K S  i ( K * L Y )  BY L I h E A K  I N T E R P O L A T I O N  
00 670 K z 2 r K 1  
00 670 L z L M r L M  
I F  t I ( K v L )  eEG.0)  671.670 
671 IF t i  ( K + l r L  ).EQ.O.ORoI ( K - 1  r L J  .EUoO 1 6709 672 
672 I i , K r L ) = (  I ( K + l r L I + I  ( K - l r L )  1 / 2  
67U C O N T I N U E  
C F I L L  6 L A N K S  1 ( K e L M )  BY E X T R A P O L A T I O N  





























































DO 65 L=LMrLM 
16 ( I ( K r L I . E C . O . A N U . I I ( ~ ~ L - l ) . N E . 0 ~ A N D ~ ~ ( K r L - 2 ) ~ ~ E ~ O ) )  6 6 ~ 6 5  
65 J=I(KpL-l)-I(KrL-2I 
I ( K r L  I =  I I K r L-1 I +J 
65 CONTINUE 
1001 C O h 1  I N U E  
c AT T t - i I S  P O I N T  ALL t3LANKS ARE F I L L E D  
I C N T I = O  
I F  ( J C N T . G T * O )  9999998 
998 CONTINUE 
DU 997 K=l,KM 
DO 997 L = l r L M  
i f  ( I ( K . L ) . G T . I M ~ X . U K . I ( ~ r L ~ * L J . ~ M I N )  996,997 
996 I ( I ( s L ) = O  
353 F U i i M A T ( *  BE C A U T I O U S  OF E L E A E N T  1 ( * 1 2 * 9 * 1 2 * ) * )  
P R I N T  353rK.L 
I C N T I = I C N T I + l  
M= L O  $ J C Iq T= 1 
I F  ( I C i d T I . E W . 0 )  ,GO T O  399 
GO TO 70C 
997 C U N T I k d E  
993 C U N T l N U E  
4 FORMAT ( Z X r Z U 1 5 )  
I F  (l(1111.GT.i(i12))7~r77 
77 d I N = I L l r l )  
GO T O  78 
76 C O N T I N U E  
76 M I N = I ( l r Z )  
DO 75 K=ZrK1 
DLI 75 L=2*L1 
IF ( l i K r L l . G T . M I ~ d ~  75~,80 
8 3  C U N T I N U E  
75 C O N T I N c l E  
M I N = I  ( K r L )  
M I  i\L=M I N -  1AL;L I 
P K l l L T  592rMINL 
I F  (JCNT.EU.3) 53  TO 305 
I F  (MIN.GE.lC33) 81,303 
3 C 3  i f  L J C N T a E 3 . 1 1  3d4r3b5 
3 0 4  P K I N r  306 
306 F U R M A T ( *  M I N l M J M  S C A L A K  V A i i I A T I O N  I N  I N T e R N A L  E L E M E N T S  J F  I Y A T R I X  
1 I S  Toil S I Y A L L * / *  ? J I L L  T R Y  TO SMOOTH AND THEN E d A L U 4 T E  A G A I N * / )  
GO r u  81 
305 P R I N T  3 0 7  
307 F U R M A T ( *  H A V t  T R I E D  I O  t V A L U A T E  D t P T t i  M A T & I X * / *  d I L L  P R I N T  I Y A T R I  
1 X  8 t F U R E  T E K M I N A T l N G  YLli lR JOE%*/* P L E A S t  C i E C K  AND R E S U B M I T + / / )  
DO 320 K = l r K M  
P R I N T  b04r( I ( K r L )  wL=lvLMl 
320 CClNTINUE 
308 F U R M A T ( *  P U S S I H L t  R E A S O N S  FUR F A I L U R E * / / *  A B S d L U T E  V A L U E  OF H I Q I M U  
1 M  AND MAXIMUM S C A L A A  V A : X I I A T I d N S  M A Y  BE T U 0  L A R G E * / *  D I S T A N C E  S E T H E  
ZEN W I D  P O I N T S  NEEDS A C J U S T I N G * / +  I N S U F F I C I E N T  CClNTKOL P O l ’ i T  3 E N S I  
3 T Y * / *  MAXIl l ’UiY S L 3 P E  BETWEEN DATA A N G / J R  G K 1 D  P O I N T S  NEEDS A D J U S T 1  
4NG*) 
P R I N T  308 
P R I N T  3 9 9  
3C9 F O R M A T ( *  P k O G 4 A M  E X E C U T I O N  T E R M I N A T E D  W I T h  A MJOE 4 F A T A L  E R R 3 R * )  





























































AY= A X * A  X 
82 C O N T I N U E  
P R I N T  606 
DO 9912 I ( = l * K M  
P K I N T  6 0 4 r (  I ( K 9 L )  r L = l r L M )  
9912 C c l N T i N U E  
R E W I N D  8 
RETURN 
8 1  TAM=TAtJG 
P R I N T  6 0 3 r T A M  
P R I N T  311 
K 2 = K  M-2 
L2=LM-2 
DO 9 5  K z l ~ K 2  
DO 95 L = l r L 2  
K P  l = K +  1 
K P 2 = K + 2  
L P l = L + 1  
L P 2=L +2 
T l = A B S (  ( 
I F  ( T A M - T I )  1 1 ) 0 * 9 5 r 9 5  
1 ( K rl I-1 4 K P 1  , L 1 / D I S  r I 
103 T2= (I(KPl,L)-I(KP2~L)J/DtSi 
I 3 = A B S (  T 2  I 
I F  ( T A M - T 3 I  1 0 2 r 1 0 3 r 1 0 3  
I ( K 9 L ) = I  ( KP 1 v L 1 + ( I ( K P L  9 L 1- I ( I(P2 9 L I 1 1 0 3  
GO T O  9 5  
102 T 4 - A B S L  ( I ( K ~ L P l ) - I ( K ~ L P 2 I I / U I S T )  
106 I ( K r L I = I ( K ~ L P l I + ( I ( K , L P l ) - I ~ I ( ~ L P Z I  ) 
I F  ( i A M - T 4 I  1 0 5  t 1069 106 
GCI TO 9 5  
9 5  C U N T I N U E  
1 0 5  I ( K w L I = i )  
00 110 K z l r K 2  
0l.I 110 L = l * L 2  
LP.Z=L+Z 
KP 2 = K + 2  
L P l = L + l  
KP l = K + 1  
T l G = A B S (  ( I ( K r L ) - I ( K * L P l )  ) / D I S T )  
1F ( I A M - T L O )  2 C 0 9 1 1 0 ~ 1 1 3  
2 0 0  T 2 0 = (  I ( ~ ~ L P L ) - A ( K I L P ~ ) ) / D I S T  
T3O=Ai3S (T20  I 
I F  I T A b l - T 3 i ) )  2 3 2 9 2 0 3 9 2 0 3  
I ( K r L  I = i ( K * L P L  I + (  1 ( K r L P 1  I - I  ( K v L P 2 I  I 203 
GO TO 113 
202 I ( K * L ) = O  
110 C O N T I N U E  
DO 650 K = l r K M  
DO 650 L=l.LM 
I F  ~ ~ ~ K ~ L ~ ~ ~ T ~ I ~ A X o O R ~ I I K , L ) . L T . I M I N ~  6 5 1 ~ 6 5 0  
6 5 1  I(K*L)=O 
650  C O N T I N U E  
00 5 0 0  K = l * K M  
DO 500 L = l r L M  
I F  (I(KILI.EQ.~I 501,503 
5 0 1  A G A I N = O  
500 C O N T I N U E  
J C  a T = J C N T +  1 
END 
I F  L A G A I N . E Q . 3 )  7 U O r t 3 2  
745 
7 46 
7 4 7  
7 48 
749 
7 5 0  
751  
7 5 2  
753 
7 54 
7 5 5  
756 
7 57 







7 6 5  
766 
767 
7 6 8  
7 69 
7 7 0  
771 
7 7 2  
773 
7 7 4  
7 7 5  
776 




7 8 1  
7 8 2  
783 
7d4 
7 8 5  
786 
7 8 7  









7 9 7  










CKPOINT is responsible for  averaging the scalar variation of any control point 
which has  been observed more than once. 
SUBH OUT 1 N t 
IF ( 1COOE.EW.Y) GO TO 1124 
I F  (IPTUK.EG.3) 1031105 
CKPO I :\1T I X I NI 9 Y I N  1 9 I U E P  1 e IPTOK 9 I C UDE 1 
1123 C O N 1  INUE 
IUEP2=I DEPSUM/ I I I E N O M  
I 0 k P S U M = 3  
I L) t F ; O M =  1 
GO TU 1133 
1113 IDENLM=IDENCM+l 
IDEPSUM-I DEPSiJM+I DtP 1 
I PTUk=-1 
GO T O  104 
103 IPTOK=-l 
I 0 t N O  M= 1 
X I  N2=X I N  I 
Y I N 2 = Y  I N 1  
IDEP2=IDEPl 
1 D E  PS UM= I DE P2 
GO TO 104 
I F  (YINl.EU.YlN2.AND.XINl.EQ.XINZ) G O  T O  1 1 1 3  
105 CU?iIINUE 
112% I F  ( IUENZM.GT.1)  G 3  T O  1123 
1133 LONTINJE 
r E w =  x i NZ 
X I  N2=X I N1 
XINi=TEHP 
TEWP=Y 1\12 
Y I tllZ=Y I N 1 
Y I N1- TEMP 
T t M P =  IDEPZ 















































TESTI scans the depth matrix for  border rows and columns for which the sum is 
zero. If this condition occurs, the appropriate dimensions of the matrix are reduced. 
S U B R U U T I N E  T E S T I  
R E A L  M I N W R U ~ . M A X ~ ~ R D L I M L N ~ R D ~ ~ M A X ~ R D ~  
O I M E N S l G F I  I P O d ( Z ) t I C G L ( 2 )  
CRMMCN / 8 L K 1 /  I ( 6 0 . 6 0 )  
COMMON / 8 L K 3 /  KMILM 
COMMON / B L K  5 / M 1 NriRU.2 p I'l AXLr'RD2 9 N INd KD 31 Y A X d R D 3  
COMMON / k i L K 4 /  D I S T  
oa 100 321.2 
I R O W (  J ) = 3  
DO 100 K = l r L M  
I F  ( I ( J 9 K ) o G T . O )  I R O H ( J ) = I R O L 4 (  J l + l  
101 C J N T l N U E  
100 C U N I I N U E  
I F  I I K O W ( l ) + I R U w ( 2 ) . G T . 0 )  GU T O  302 
DO 300 J Z 1 9 K M  
00 300 L = l . L M  
I ( J v L ) = I  I J + l r L  1 
KM= K M- 1 
MAXh6 tDZ=MAXhKD2-D iST  
GU TO 1 0 1  
3 0 2  J=KM 
I R=O 
DU 3 0 1  L = l r L M  
I F  L I ( J I L ) * G T ~ O )  I R = I K + l  
300 
3 0 1  C O N T I N U E  
304 KM=KM-l  
I F  ( 1 K . G T . O )  201,394 
MI N k R D 2 = M  I N  dtC32+U I S T  
GO TO 302  
201  C U N T I N U E  
DO 200 K z 1 . 2  
I C O L  ( K  = 3  
I F  ( I ( J . K ) .  G T  .3 1 I C O L (  K )=ICGL( K J  +1 
I F  ( I C O L ( l ) + l C ~ L / 2 ) . G T . 3 )  G 3  T O  4 0 2  
DO 2 0 0  J = l v K P i  
203 C U N T I N U E  
DL) 400  L = l r L V I  
DO 400 J Z l r K i ' l  
L M= L M- 1 
M 1 N W RU 3~44 I N  W RD 3 + D  I S T 
GO T O  201  
402 J=LM 
IR=O 
400 I I J * L ) = I I J * L + l )  
DO 401 L = l r K M  
I F  ( I ( L r J I . G T . 0 )  I R = I R + 1  
401 C O N T I N U E  
404 LM=LM-1 
I F  I I R . G T . 0 )  5019404 
M A X U K U ~ = M A X M K D ~ - D I S T  






8 4 8  
8 49 
8 50 
8 5 1  
852 
8 53 






























8 8 5  
886 
8 87 
8 8 8  
889 
890 




501 C O N T I N U E  894 
P k I N T  1 rMINWIIDL r M A X d K D 2 r M I N d R D 3 ~ M A X k R D 3  8 9 5  
1 F L I R M k T ( / r  * 896 
l A D J U > T E O  B U U N D A A I E S  UF D E P T i  M A T R I X * / / *  M I N L M U H  Y * E 1 6 . 8 *  M A X l Y J M  Y 897 
RETUKiu 899 
t 1\1 D 900 
l*E16.8r/ r *  k I I \ I I M J M  X*El6.8* M A X I M U M  X * E 1 6 . 8 )  898 
32 
Subroutine CONVERT 










CKZFIT is the second of three overlays which are subordinate to COUPLE. 
CKZFIT establishes the X- and Y-coordinates of each element within the depth matrix 
and s tores  each within the appropriate a r r ay  table and reorganizes the I matrix into a 
one-dimensional array.  Each of the a r r ay  tables and each control-point X- and 
Y-coordinate a r e  par t  of the argument listed for the CALL statement to DISCOT, a 
system routine. DISCOT uses  linear interpolation to find the scalar  variation predicted 
by the depth matrix at each. X and Y control-point position. The rea l  and predicted 
control-point sca la r  variations a r e  stored in turn by CKZFIT. Subsequent to reading all 
































































SUBl computes the discrepancy between the predicted and true scalar variations. 
Each discrepancy is then categorized according to its magnitude as described under the 
heading "Numerical Techniques" and is counted along with those discrepancies which 
fall within the same category and which precede it in storage, SUB1, after processing 
each stored variable, plots a frequency distribution curve of the discrepancies as par t  
of the listing. The plot is scaled to page size and begins with the first category fo r  
which the ordinate is not zero and continues until all the nonzero ordinates have been 
plotted. The total number of discrepancies which are found to fall within each category 
is printed to the right of each ordinate in  the event the user  may be interested in its 
magnitude. Further, the standard deviation and the mean value of all the discrepancies 
a r e  determined. 
9 6 7  
9 6 8  
9 6 9  
9 7 0  
9 7 1  
9 7 2  
9 7 3  
9 7 4  
9 7 5  
9 7 6  
9 7 7  
9 7 8  
9 7 9  
9 8 0  
9 8 1  
9 8 2  
9 8 3  
9 8 5  
9 8 4  
9 8 6  
987 
9 8 8  
9 8 9  
9 9 0  
9 9 1  
9 9 2  
993 
9 9 4  
9 9 5  
9 9 6  
9 9 7  
9 9 8  





1 0 0 4  
1 0 0 5  
36 


















1 0 2 4  
1025 




1 0 3 1  
1032 
1033 
1 0 3 4  
1 0 3 5  
1336 
1037 
1 6 3 8  
1 0 3 9  
1C40 
1 0 4 1  
1042 
1043 




1 0 4 8  
1 0 4 9  
1 0 5 0  
1 0 5 1  
1 0 5 2  
1353 
1 0 5 4  
1 0 5 5  
1056 
1 0 5 7  
1 0 5 8  
1 0 5 9  
1060 














AUTOCON is a very complex program which contains the necessary decision- 
making logic for managing the indexing, the computation, and the plotting of the contour 
line segments which c ross  each pair  of adjacent triangles obtained from each 3 by 3 sub- 
matrix contained in the depth matrix. The basic concept is described in the section 
"Contour Plots." 
each of which is separated by the scaled equivalent of DISPGRD (an input variable), and 
then it positions the plotted contours within the grid relative to the upper left-hand 
corner of the grid. Each grid line represents an integral multiple of DISPGRD. Thus, 
X-Y coordinates of the upper left-hand corner of the grid are the truncated values of 
Further, AUTOCON establishes first a gr id  of equally spaced lines, 
X = Minimum X/DISPGRD 
and 
Y = Maximum Y/DISPGRD 
AUTOCON plots first the grid and establishes the origin of the plot, after which the 
first two adjacent triangles in figure 2 are processed and then plotted. 
indices a r e  then rese t  for the processing and plotting required for the next two triangles 
in figure 2. 
after which the indices a r e  reinitiated and a new 3 by 3 submatrix is considered. 
The program 
This process  is repeated until the 3 by 3 submatrix is completely plotted, 
AUTOCON possesses  one option which permits  the depth matrix to be plotted at a 
finer grid spacing. If SPP (an input variable) is greater  than one, the 3 by 3 submatrix 
is subdivided s o  that a BSPP + 1 by BSPP + 1 submatrix is processed. 
automatic and SPP cannot exceed 8. 
O V E R L A Y  (LIILK r 3 r2 1 1071 
PROGRAM AUTG C O N  107% 
R E A L  1 0 7 3  
D I M E N S I O N  I D E P H ( 1 6 0 r 3 )  1074 
D I M E N S I O N  D E P T H (  179 1 7 )  1 0 7 5  
0 I MENS I O N  I EL ( 10 9 60 1076 
COMMON / H L K l /  I E L  1077 
COMM@N / f l L K 3 /  M A T r Y I  T 1 0 7 8  
COYMON / B L K 5 /  M I N W ~ ~ 2 , M A X W R D 2 r M I N k ~ D 3 * ~ A X W R ~ 3  1079 
COMMON / b L K 6 /  S P p S P P  + L A S T  r A P  L I N E U N T  1080 
COMMON / B L K 7 /  N r N N ~ P X l r P Y L * X M A X r Y M A X s X M A Y , C I  1081 
COMMON / B L K 6 /  S Q X r S Q Y  10 82  
COMMON / R L K 9 /  P C S l X (  2 0 )  .POSLY(PO) 9CCNT ( 2 0 1  1083 
COMMON / B C K l G / P O S Z X (  2 0 )  , P O S Z Y ( 2 0 )  r C O N T A (  20) 1 D 8 4  
CiJMMOf'i / R L K l l / P O S 3 K (  20) r P O S 3 Y L 2 0 )  rCONTG(20) 1085 
COMMON / B L K 1 2 / P O S 4 X ( 2 0 ~ ~ P O S 4 Y ~ Z O ~ ~ C O N T C ( 2 0 ~  1086 
COMMON / B L K 1 3 / P C S 5 X ( 2 0 )  r P O S 5 Y ( 2 0 ) ~ C G h T D ( 2 0 )  1087 
C A L L  CALCOMF 10 89 
The indexing is 
M I N K K D 2  p4 A XW R 02 r M I N W RD 3 9 M A X  k F. D 3  
CUMMUN / L I N K D C /  L I N K I R E C A L L  l o a s  
C A L L  LERLIY 
M I N W R U 2 = M I N ~ P D Z / F L : I A T (  L I N E U N T )  
M 1 id WKD3=M I N h K D 3 / F L  3 A  T ( L I NEU N T  1 
M A X W ~ 3 2 = M A X ~ E 0 2 / F L 3 A T ( L  I N E U N T )  
: : 4 A X W R D 3 = M A X t 4 R 0 3 / F L i l A T [ L I " f )  
DO 9913 J=l,160 
00 9 9 1 3  1 ~ 1 . 3  
9913 I D t P t i ( J r I ) = G  
DO 9914 1 ~ 1 . 1 7  
00 9914 J z l - 1 7  
9914 D E P T H ( I , J ) = C . O  
1000 C O N T I N U E  
YZO=(MAXh!RUZ-FLOAT(  I F I  X ( M A X W R C 2 I  1 )  
X 2 0 = ( M I ; 4 d R D 3 - f L O A T (  I F I X ( M I N w K D 3 ) )  1 
I F  (Y20.tGT.G.0) Y 2 3 = l O C - Y 2 O  
I F  (Y2O.LT.G.O) Y Z a = A B S ( Y Z O )  
i F  (X20,LT.G. 0 )  X 2 0 = X 2 0 + 1  
Y 2 0 = Y 2 0 * A P  
X Z O = X 2 0 * A P  
I L I N i = I  F I X (MAXWKC3)  - I F  I X (  M I  NWRO 3 )  
J L I N E = I F I  X(NAXMrK021-  I F  I X (  M I N W R D Z )  
L I N E  CNT=O 
2 5 8  I F ( YZO+ [ 
I F  
M A X b R 0 2 - M I  f.1 W RIJZ-FL OAT ( J L I hE I 1 *AP+O 5 t GE. 0.0 1 
1 +AP+O, 5.GE .O. 0 1 
J L INE=JL I NE+ 
I L I N E = I L I N € +  
11 
11 
i Y 2 i ) +  ( YAXNP U 3 - M I N M K D 3 - F L  D A T  ( I L  I N €  
L I h E L N T = L I Y € C N T + l  
I F  ( L I N t C h T , L T * Z I  G O  TO 2 5 8  
x 1 o=o . 0 
I F 
I F  (X20-0.4.LE.O-0) I L I & E = I L I N € + l  
Y lO=-FL! lATIJL INE)*AP 
( X 2 0 - 0  4. L E  0 0 - 0 )  X 1 O=X 1 0 - A P  
C A L L  G K I D  ( X l O I Y l O I  A P I A P r I L I N E I J C I N E )  
U V = l , O / A P  
O K 1  G i N = F L O A T  ( I F I X  ("t I N h ' f l D 3  1 I 
I F  (XZO-O,4. L E  .O.O) U R I G I N = O R I G I N - C V * A P  
X O l S T = I L I Y E * A P  
YDI S T = J L I N E * A P  
U K I G I W = F L O A T (  I F I X ( ' 4 A X k i K t 3 2 )  ] - F L O A T (  J L I N E )  
C A L L  A X ~ S ( X l O ~ Y l G ~ 3 . 0 ~ X D I S T ~ t i ~ I G I ~ , D ~ , A P , ~ V ~ l H  9 0 . 1 ~ - 1 )  
C A L L  A X E S (  X l O q Y l O , 9 0 .  V Y L j I S T  ~ O K I G I ~ ~ D V I A P I D V I  1H 70. l r + l )  
Y 2 u = Y  20 * 
C A L L  LAL?LT ( X 2 0 1 Y 2 C 1 - 3 )  
X t . ? A T = F l . J A T  I i t? I I -1 ) 1 2  
XMAX=XHAT 
XMAY=- X M A  X 
YI.iUX=fiqAX+C .05  
YMkY=-Y .YAK 
P Y l = C  .o 
P X l = G  . 3  
SP = S P  / S ? ?  
SdX=SP 
s w y = - s i - '  
s P x = s P  
SPY=-SP 
- 1 J I 
Y Y 4 L  C C I X T I N U €  
* S  P *2  
YMAX=FL; IATI  I M A I - 1  ) / Z  I * S P * ( 2 . 3  ) 
















1 1 0 5  
1106 










































I F  (14 I J. f3. (MIT/2c)) *.2d I N O C = M I  T/20  
I F  L n i r . t i i .  (M I  ~ 1 2 0 )  N G C = Y I T / Z Z I + ~  
2 1  K = 3  
KK=O 
NX=NuC*23 
1 S = S P P  
I F  ( K K )  8 8 5 0 r 8 8 5 1 9 8 8 5 3  
853  K = K + l  
6853  JJ=K-1 
J K = K + l  
DO 8 8 5 2  I = l * M I T  
IUtPHi I pJJ ) = I D t P i 1 (  I ,  J K O  
8852 C O i v T I N U E  
779 C U I \ I T I N U E  
9779 C U N T I N i l E  
K K K = K K + l  
8 8 5 1  C G a u T l N U E  
I F  ( K K - M A T  1 37799 8129 8 1 2  
DO 9 9 3 3  J = l r M I T  
I U E P H ( J * ~ ) = I E L ( K K K * J )  
9 9 3 3  C O X T I N U E  
760 K k = K K + l  
782 IF-  I K - j ) 9 8 5 0 ~ 7 8 4 r  784 
9 8 5 3  K = X + 1  
G O  TO 8 8 5 1  
784  J = 1  
K= 1 
698 IX=l 
I Y = 1  
L= 1 
L L = L +  I S  
L L L = L  L +  I s 
M= 1 
MM=M t I S 
MMI"=MY+ I S  
K= 1 
699 D E P T H  ( L v 41 I = 1 LJE P ti ( J 
7'23 I F  ( i i ; t P , i ( J + l , l i l ) 3 * 4 r 3  
3 I F  L I i ) t P I I ( J r K ) ) 5 r 4 * 5  
4 I F  I J . L E . ~ I T . ~ ~ C . L U E P ~ ( J I K ) . J t . O )  GL) TJ 5 
K ) 
sblx=sLIx+( 2 . 0 )  *SPP*SP) 
I F  ( J - l ) 5 r 6 r 7  
7 JCKl=J /Z  
JCKZ= J C < l X c 2  
I f  ( J - JCi<2)dv318 
G O  TU 13 
GU T U  1 3  
8 J=J+Z 
9 J = J + 1  
6 J=3 
10 J C = J C + Z  
I F  ( J C - N X + l )  ~ 9 d r l 8 5 1 ~ 1 8 5 1  
S U Y = S , J Y - I  ( 2  - 0  1 *Si ' i '*SP)  
K= 1 
S W X = S P X  
Gi) TI; 1 8 5 2  
x I & c l = x I ~ c l / s P P  
1851  




































1 1 8 2  
1183 
1184 







1 1 Y 3  
1194 










1 2 0 5  
1 2 0 6  
1 1 8 b  





























































1 2 6 6  
1 2 6 7  
1269  
1 2 7 0  





1 2 7 6  
1277  
1 2 7 8  
1279  





1 2 8 6  
1287 
1 2 8 8  
1289 
1 2 9 0  





1 2 9 6  
1 2 9 7  







1 3 0 5  
1 3 0 6  
1 3 0 7  
1 3 0 9  
1310 













1 3 2 4  




1 3 2 5  
1 3 2 6  
1 3 2 7  
1 3 2 8  
1 3 2 9  
1 3 3 0  
1 3 3 1  
1 3 3 2  
1 3 3 3  
1 3 3 4  
1335 
1 3 3 6  
1 3 3 7  
1 3 3 8  
1 3 3 9  
1 3 4 0  
1 3 4 1  
1342  
1 343 
1 3 4 4  
1 3 4 5  
1 3 4 6  
1 3 4 7  
1 3 4 8  
1 3 4 9  
1 3 5 0  
1 3 5 1  
1 3 5 2  
1 3 5 3  
1 3 5 4  
1 3 5 5  
1 3 5 6  
1 3 5 7  
1 3 5 8  
1 3 5 9  
1 3 6 0  
1 3 6 1  
1362 
1 3 6 3  
1 3 6 4  
1 3 6 5  
1366  
1 3 6 7  
1 3 6 8  
1 3 6 9  
1 3 7 0  
1 3 7 1  
1 3 7 2  
1 3 7 3  
1 3 7 4  
1 3 7 5  
1 3 7 6  
1377 
1 3 7 8  
1 3 7 9  
1 3 8 0  
1 3 8 1  
1 3 8 2  
44 
1 3 8 3  
1 3 8 4  
1 3 8 5  
1 3 8 b  
1 3 8 7  
1 3 8 9  
1 3 9 0  
1 3 9 1  
1 3 9 2  
1 3 9 3  
1 3 9 4  
13Y5 
1396 
1 3 9 7  
1398 
1 3 9 9  
1 4 0 0  
1 4 0 1  
1 4 0 2  
1 4 0 3  
1404 
1415 
1 4 0 6  
1 4 0 7  
1 4 0 8  
1 4 0 9  
1 4 1 0  
1 4 1 1  
1412  
1 4 1 3  
1 4 1 4  
1415 
1 4 1 b  
1 4 1 7  
1 4 1 8  
1 4 1 9  
1 4 2 0  
1 4 2 1  
1 4 2 2  
1 4 2 3  
1 4 2 4  
1 4 2 5  
1 4 2 6  
1 4 2 7  
1428 
1 4 2 9  
14 30 
1 4 3 1  
1 4 3 2  
1 4 3 3  
1 4 3 4  
1 4 3 5  
1 4 3 6  
1 4 3 7  
1 4 3 8  
1439 
1 4 4 0  
1441 
1 3 0 8  
45 
fiZ=M2-1 
GU T O  10s 
806 J2=J2+2 
Kl=Kl-l 
K Z = K 2 + 1  
M l = N l + 1  
M2=HZ+1 
GLI TU 103 
897 Jl=J1-2 
K 1  =K1-1 
KZ-K2-1 
PI lzM1-1 
M 2  = M L + 1  
8 0 1  I X = X X + l  
809 IIVDtX=l 
GO r u  133 
I F  t I X - I S )  8bYrtiWY,tilO 
GO T O  8.14 
GC1 T O  1 0 3  
l l -  I IY-IS) 2killrL811r2812 
SWY=SdY + ( L .  C S S P Y )  
8 a a  SUX=SCX+(Z.C*SPX~ 
810 I Y = I Y + L  
2811 SL)X=SJX- ( 2 .  ti*( LPP-1.0 *SP X 
J 1=1 
K I  = Z  




PI2 =M? + 1 
I X = l  
811 I N D t X = l  
GO 5 ( j  1133 
S d  Y =  50Y - ( 2 .  c f ( s PP-l.l,l* 5 PY I 
Ik IJC-I.IX+I) D'l t+r851,851 
SLJX=SPX 
S O Y = b C Y +  ( 2 .  r,::sPPG:sPY ) 
2812 SdX=S3X+(Z.C=SPXl 
8 5 1  K = l  
1852 G J h T l N d E  
JC-1 
GU I C  4 5 3  
lOOB FilNKAT ( L F l C . 3 ~ 1 5 )  
2225 I F  ( C C N T C ( N N I )  2 2 6 r 2 2 7 r 2 2 6  
811 I F  ( L A S T )  1 0 0 1 r 1 ~ C j r i O C l  
io03 cn4\iri  NUE 
9941 C A L L  CAL?lI(i4.9r0.CI-3) 
GU TG 9Y4L 
1001 k R l T t  ( 6 r l O r 2 )  
11232 FGkNAT ( 5 t i  Ei\U 1 
CALL CALPLT ( 0 . S r 0 . 0 * ~ 9 9 Y i  


























































LINEl computes and s tores  all contour intercepts with side 1 in figure 2 for each 











1 5 0 6  
1507 
L 538  
1509 
1510 















1 5 2 6  
1527 
1 5 2 8  
1!29 
1 5 5 U  
1531 
1532 
1 5 3 3  
1 5 3 4  
1 5 3 5  
47 
Subroutine LINE2 
LINE2 computes and s tores  all contour intercepts with side 2 in figure 2 for each 
pair  of adjacent triangles in the 3 by 3 submatrix in turn. 
1536 
1 5 3 7  
1 5 3 8  
1 5 3 9  
1 5 4 0  
1 5 4 1  
1 5 4 2  
1 5 4 3  
1 5 4 4  
1 5 4 5  
1 5 4 6  
L 5 4 7  
1 5 4 8  
1 5 4 3  
1 5 5 0  
1 5 5 1  
1 5 5 2  
1 5 5 3  
15 5 4  
1 5 5 5  
1 5 5 6  
1 5 5 7  
1 5 5 8  
1 5 5 9  
1 5 6 0  
1 5 6 1  
1 5 6 2  
1 5 6 3  
i 5 6 4  
1 5 6 5  
1 5 6 6  
1 5 6 7  
1 5 6 8  
1 5 6 9  
1 5 7 0  
1 5 7 1  
1572 
1 5 7 3  




LINE3 computes and s tores  all contour intercepts with side 3 in figure 2 for each 











































LINE4 computes and s tores  all contour intercepts with side 4 in figure 2 for each 

















































































5 1  
Subroutine PLOT 
PLOT generates the necessary plotter instructions for drawing a straight line 
between two intercepts for a particular contour line. If the contour terminates o r  begins 
with a side which connects two boundary elements of the depth matrix, the contour value 
is plotted. 
PLOT is called from within a se r i e s  of nested logical statements which first match 
the corresponding stored intercepts and then index sequentially until all contours within 










































By George Salley 
COLUMN right-justifies a BCD (binary-coded decimal) number. 
1735 
1 7 3 6  
1 7 3 7  
1738 
1 7 3 9  
1740 
1 7 4 1  
1742 
1743 
1 7 4 4  
1 7 4 5  
1 7 4 6  
1 7 4 7  
1748 
1749 
1 7 5 0  
1 7 5 1  
1 7 5 2  
1 7 5 3  
1 7 5 4  
1 7 5 5  
1 7 5 6  








1 7 6 3  
1 7 6 6  





Basically the input data can be divided into two categories. One category is 
termed "program data," and the other is refer red  to as "control-point data." (The max- 
imum number of control points is limited to 1000.) Program data a r e  composed of first 
a format  (user's choice) for reading the f.loating-point program variables; the fixed-point 
program variables and the appropriate codes for each option follow. If the control-point 
data are not on tape, the user  must supply a format for reading each control-point data 
card. The control-point data a r e  composed of individual cards  or  tape records each of 
which contains the X-Y coordinate of each scalar  variation and its magnitude Z, in 
that order. 
The control-point data can originate from any source. If an algebraic expression 
is to be utilized to obtain the control-point data, irregularly spaced scalar variations a r e  
preferred. 
program. 
However, regularly spaced scalar variations can be processed with the 
In view of the various options available to the user  (to be discussed subsequently), 
the number of required data cards  is not rigidly fixed. 
on which a particular variable is to be found is not possible. 
order in  which each variable is read and the format utilized for reading it a r e  indicated. 
In table 11 program variables a r e  listed and its function in the program is defined. 
Thus, a figure indicating the card 
However, in figure 4 the 
Some knowledge of the input data is required to adequately assign the program 
variable values. Caution should be exercised in the selection of DIST (grid separation), 
since it is primarily responsible for establishing the dimensions of the depth matrix. If 
DIST is too small, the maximum dimensions of the depth matrix (60 by 60) will be 
exceeded. DIST also controls t!e dimensions of the region within which control points 
can be found. 
searched for values which fall within a ring with the initial inner radius set  equal to zero 
and the outer radius set equal to the incremental radial difference of DIST/10. The ring 
has a mean radius of one-half the sum of the two radii. Since the mean radius of the ring 
is incremented in multiples of the incremental radial difference before each search of the 
data, DIST probably influences the required computer time more than any of the remaining 
variables. 
(See the discussion on "Depth Matrix.") All the control-point data a r e  
The units for DIST, X, Y, and DISPGRD a r e  required to be the same. If X 
and Y represent different quantities, such as Mach number and height, respectively, 
an appropriate scale factor must be applied to X to establish a fictitious one-to-one 
correspondence between the magnitudes of the two variables. Since the objective is to 
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establish roughly the same order of magnitude between the two variables, Mach number 
should be converted into the units of height p e r  second. 
It is assumed that X, Y, and sometimes Z are expressed as integral multiples 
of the user 's  basic unit (meters, inches, etc.). Thus, if it is desired to contour data 
which are expressible in fractional pa r t s  of the basic unit, X, Y, and Z must be 
scaled up in magnitude so that the significant par t  thereof is plotted. That is, data 
expressed to 0.0001 inch are to be multiplied by 10 000. If similarly treated, SCLE will 
reestablish the desired plot dimensions. 
The inputs MAXI, MINI, TANG, and IDMX establish the criteria for either accepting 
o r  rejecting a given control point. The upper and lower l imits for the magnitudes of the 
control-point X-component are set by MAXI and MINI. If both MAXI and MINI are zero, 
no data points are rejected. Together TANG and IDMX determine whether the relative 
height difference between the Z-coordinates of two control points is sufficiently small  to  
permit their combined use in the gradient determinations. Of the two variables TANG 
is the dominant variable over a radial distance equal to the product of TANG and IDMX. 
Thereafter, IDMX becomes the dominant variable. The required computer time can be 
affected by TANG and IDMX. 
The units for Z, IDMX, and CI a r e  the same. The input Z may be any scalar 
variation (height, temperature, etc.). The program assumes IDMX, CI, and Z are 
integral multiples of a basic unit and not fractional par ts  thereof. 
Options 
Control-point data.- The control-point data may be on either punched cards  o r  tape 
and may be either floating point o r  fixed point. Program codes specify which of the 
four options are to be expected. If the punched-card option is selected, a format for 
reading each data card must be furnished by the user. The subroutine READIT will 
automatically place the data in the proper form and establish the proper type required 
for processing. 
Sorting of control-point data.- There is no requirement fo r  the control-point data 
to  be in a specific order. The program subroutine GRIDIT will automatically scan all 
the data furnished until a maximum of KMAX control points are selected for  the gradient 
computation. The scanning process  is, however, a very time-consuming activity. In 
fact, it is by far the largest  user  of computer time and should be minimized as much as 
possible. As a result, the program contains an optional sorting routine, SORTIT. 
SORTIT can be called with a code of +1 for ISRT. The variable ISRTOPT specifies the 
manner in which the data are to be sorted. 
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Interpolation.- . - The digital program will expand each 3 by 3 submatrix into a 
BSPP + 1 by BSPP + 1 submatrix i n  AUTOCON. Each missing element, if any, is deter- 
mined by use of linear interpolation. The input SPP permits  the size of each triangle 
over which the line segments, representing contour lines, are drawn to be reduced so  
that the contours will appear more continuous. The value of S P P  can not exceed 8. 
Deck Setup 
As stated, the digital contouring program is composed of seven overlaid programs 
and their various subroutines. CONTOUR is the main overlay (0,O level) and is, as a 
result, the program identification. 
A deck setup for a case in  which the control-point data are contained on a deck of 
punched cards  is shown in figure 5, and a deck setup for  a case in  which a binary tape file 
is used is shown in figure 6 .  The binary tape must be one which was generated by using 
RECOUT. If the control-point data are contained on a deck of punched cards, the control 
cards for tape file 9 are not needed. 
output 
The digital program outputs data in two forms. First, there is a printed listing of 
information pertaining to the depth matrix (dimensions, origin, etc.) and to the plot size, 
as well as a frequency distribution plot of all the differences between the actual scalar 
measurement at each control point and that predicted by the depth matrix. Second, 
plotter instructions for a graphic display of the scalar variations are written on tape. 
The tape is then used by the mechanical plotter to  produce the contour charts. 
Several diagnostics have been programed into the digital contouring program. 
Each attempts to isolate potential execution difficulties and to  inform the user  before 
they occur, in the interest  of saving computer time. The following reasons are given 
for the diagnostics: 
Control-point data exceed 1000 points. 
Maximum dimensions of depth matrix are exceeded. 
Depth-matrix dimensions are too small. 
Minimum depth-matrix elevation is too small. 
Depth matrix cannot be smoothed. 
Contour interval is too small. 
A mode 4 stop is anticipated for each diagnostic. The diagnostics themselves are some- 
t imes lengthy and are not given herein. 
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JOB,1,1000,~000. -----__________________ 




“D ( CALTPE) 
mm ( T A P E ~ )  
mom (TAPE xx) 
REQUEST TAPEXX,HI,X. CALTP RIL, ------- 
COPYBF (CALTPE, TAPEXX) 
EXIT. 





Control Poin t  Data 
677 7 899 




REQUEST TAPE1,HY. X X X X X X  ,ROL, 
REWIND( TAPE1) 
REWIND (TAPE9) 
COPYBF (TAPEl, TAPE9) 
REWIND( TAPE99 




UNLOAD ( TAPWI) 
REQUEST TAPwl,HI,X. CALTP , RIL, - 





NOTE: TAPEXX may be any l e g a l  f i l e  name. 
Figure 5.- Deck se tup  when a punched deck 




NOTE: TAPwl may be any l e g a l  f i l e  name 
X X X X X X  may be any l e g a l  tape  number 
Figure 6.- Deck s e t u p  when a b ina ry  f i l e  of 
control-point  d a t a  is  used. 
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SAMPLE PROBLEM 
A sample problem was set  up for a punched-card deck of control-point data. For  
each program data card, the magnitude of each variable punched on each data card is 
shown in figure 7, and in table EI, the control-point data read  by the variable format  
FRMT ((3110) in fig. 7) are tabulated. The plotted graphic is shown in figure 8. 
..-- 
Column number 
__ __ . - .- 
c -  --___- 
~ 
+30000000E+04 +12000000E+02 +10000000E-rbl +1OOOOOOOE+O1 
+10000000~+03 +90000000~+05 +12000000~+05 +10000000E+01 
-. . - .-. . - _- - 
- _. . - - - .- . . . . . . - .- . .  
- 3600 9000 
Figure 7.- Program data for sample problem. 
The computer program requires approximately 65 000 octal words of storage, and 
The execution t ime is primarily dependent on the execution t ime var ies  from job to job. 
the number of control points being processed, the distribution of the control points, and 
the magnitude of DIST. On the average, 1- seconds of central processor  time and an 
equivalent amount of peripheral time is required for each control point being processed. 
It is possible to reduce the time required to process  a particular job by increasing DIST. 
The sample problem required approximately 739.95 decimal seconds of central processor 
time and 767.18 decimal seconds of peripheral time. The peripheral time may vary con- 




1 .'M L 
" \  
I '  I IO 
Figure 8.- Contour chart for sample problem. 
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Listing of Unsmoothed Depth-Matrix Data 
THE FOLLOWING 15 I N F O R M A T I O N  P E R T A I N I N G  T O  THE DEPTH M A T R I X - - S I Z E . 0 l M E N S I O N S , E T C .  
CORNER CUOKOINATES OF AREA TO B E  CONTOUREO 
NORTH WEST CORNER--X= 4.OCOOOOO0E+03 Y= 6.00307200E+04 
SOUTH EAST CORkER--X= 5.09880000Ei04 Y= 0. 
OLMENSIONS OF R E Q U I R E 0  P L O T T I N G  SURFACE E X C L U S I V E  OF G R I D  
Y O I M E N S I O N  OF D E P T H  M A T R I X  I S  8.00400 INCHES 
x DIMENSION OF D E P T H  MATRIX I S  6.26493INCHES 
22ELEMENTS liu Y O l R E C T l O h  O F  D E P T H  M A T R I X  
1 7 E L E M t k T S  I N  X D l R E C T l O h  OF DEPTH M A T R I X  
YOU H A V t  E L E C T t O  TO R k J E C T  ALL CONTROL P U I N T S  WITH SCALAR V A R I A T I O N S  L E S S  THAN -3600 AN0 GRF4TER THAN 9000 
THUS s 
YOU HAVE A M I ' I I M U M  SCALAR V A R I A T I O N  OF -3554 
YOU HAVE A MAXIMUM SCALAR V A R I b T I O N  OF 327 
THE FOLLOWING I N F O R M A T I O N  REGARDING YOUR UNSPIOOTHEU DEPTH M A T R I X  IS F U R N I S H F O  
ADJUSTED ROUNOAHIES OF DEPTH U A T R l X  
MIN!MUM Y 0. MAXIMUM Y 6.00307200€+04 
N l N I H U M  X 4.00d00000E+03 CAXIMUM X 5.O988OOOOE+04 


































































9 5 1 2  i o o o a  
8021 8123 7962 
R098 R257 d209 
8085 8313 11363 
8210 R456 8529 
8135 8639 8726 
8442 8682 8934 
8546 8898 9177 
8465 9235 9404 
8969 9149 9531 
9178 9282 9775 
9332 9662 9156 
9403 9747 10026 
9859 9840 9942 
9RRl 9985 9996 
9469 10010 10072 
8029 8 1 ~ 5  8082 
10048 10136 10024 
1 0 1 1 5  10137 10070 
10271 10163 10125 
10303 10192 10111 
10322 10231 10113 






























































































































































































































Listing of Smoothed Depth-Matrix Data 
TYE F q L L D U I N G  I N F O R * L T I C Y  R c G A R D l N G  T U E  S W ' I T H E n  DEPTM Y 4 T R I X  IS F U R V I S ' I E O  
I T  H4S 8FFh D F T E R 4 I N F ' I  T1'4T CACLI CLFMENT T F  VnUF UNSYnnT'iED W P T H  M I T R I X  IS I V 4 n L Q U 4 T E L Y  F I L L E D  
R E G P I D  W I L L  UOT P F R Y I T  TI{F l N T r o V 4 L  ELEMENTS P F  I TO EXCEED T'iE F J L L O U I N G  L I M I T S  
M l N l M U Y  F l F V 4 T I O N  P R 1 1 9  TO SNnr)THlNT, = - ? A 2 4  
M 4 X l Y l l W  F L F V I T I O N  P R I I R  T n  SWI)PTUINT, = 322 
RF T 4 I J T I T l I S  OF E L F I l F N T  l f l T . 1 7 1  
M l N l M I I Y  F L F V 4 T I O h l  4FTEQ l N T F Q P n L 4 T l O N  FTC = - 34 2 4  
M 4 X l Y U M  FXPECT'D S L I P F  R F T U F F N  T U 0  C O N S E C U T I V E  G R I D  P O I N T S  = 1 . 0 7 ) C 9  




94 '2  
9417 
9 4 5 9  
9 4 f  




9 4 9 0  
947.7 
w i n  
9407 
9 4 0 n  
9 L Q q  
9 5 7 9  





o r i n  
9 0 1 5  




0 c 9 3  
0 c77 
9 1 2 1  
0 1 1 4  
9 1 6 9  
9 7 r 4  
9 797 
@ 7 4 5  
9 7 5 9  
9 371 
9 2 7 7  
0 4 6 1  
974R 
93-1  
9 1 7 7  
P575 
8 5 5 9  
R575 
er.ni 
8 4 n i  
9f E.5 
R687 
8 7 7 9  
47Rc 
R R P 9  
8 8 3 5  








9 1 9 7  
a 8 r 4  
a930 
. .  
1111" 
11? 4 1  
111'17 
1919'4 
8 5 2 9  
8 7 2 6  
9 9 7 L  
$ 1 7 7  
8 1 3 7  
R247 








9 6 7 2  
9 7 7 ~ 7  
9596 
9 h 0 9  
9 7 7 0  
9 6 7 9  
9 6 7 4  
9491 
9 4 9 3  
934s  
9 2 t  3 
1 1 9 5  





0 1  55 
02f 3 
97 16 
9 5 4 2  
9 F 2 5  
951 2 
9 6 7 2  
9 2 4 3  
0 5 6 6  
9 5 7 7  
9 2 5 3  
9 7 6 1  
9 n L b  
o w r ,  
4 5 R 6  
9 7 6 9  
9 





9 9 5 4  
9 1 7 7  
9 3 2 6  
0444 
9 9 6 7  
95c-R 
0 5 Q l  
9 5 3 2  
9 @ ? 3  
0 2 9 1  
9 r i l 5  
8 7 7 6  
9 6 9 1  
8 5 3 7  
921" 
7 0 1  1 
9 r t 7  
7 6 3 7  
7 8 8 6  
7 8 7 3  
9407 




9 4 9 9  
0 5 1 4  
9 4 2 3  
9 4 3 7  
9 7 5 4  
4 1 5 9  
5 9 6 8  
8 7 3 0  
8582 
R741 
7 9 1  2 
7 4 9 3  
7 2 7 1  
1 1 3 2  
7 5 1 2  
7 9 4 1  
R 6 2 2  
8 7 5 3  
8 5 7 6  
8 9 7 C  
9 4 1 3  
4 2 7 7  
0 3 1 3  
0 2 3 7  
9 4 P 7  
9 1 7 2  
9 9 1 3  
8 9 1 6  
P 5 5 R  
5 2 3 7  
7 8 3 n  
7 5 9 7  
7 9 3 3  
6 5 7 6  
6 9 2 3  
7 2 7 0  
7 1 8 6  
l C 6 0  
8 2 0 1  
8 5 3 8  
8 9 3 4  
AS29 
qC42 
9 2 4 2  
9 2 3 1  
9 3 3 2  
QC70 
8 8 9 1  
e 7 8 1  
8 3 2 3  
9C76 
7 7 0 1  
7 1 6 3  
6738 
6 P 8 5  








9 0 7 4  
9 1 7 4  






7 9 3 6  
6 8 8 7  
6 Q R h  
6 8 3 4  
6 9 1 7  
6 5 2 6  
8 4 n 9  
e703 
8 1 ~ 2  
7 7 e ~  
R292 
R391 
$ 5 8 1  
RC95 
8 7 7 4  
8 9 P 8  
8"5P 
8 7 1 6  
PA82 
8 1 7 1  
7 8 2 1  
e 9 0 2  
6 9 C 4  
6Rn5 
f a 5 1  
t R 3 4  
6 8 h 7  
7 9 5 3  
$130 
8311 
$ 5 2 9  
8 6 2 9  
P A R 1  
5 7 9 1  
R9P6 
R772 
R 4 U O  
7 8 4 1  
7 1 9 6  
t 7 t 7  




6 9 9 4  
6851 
8 6 7 0  
67311 
h w 8  
YnUR 5Mrf lTHEf l  DFPTY ' 1 4 T R I X ~  I r  IS P R I N T E D  &WIVE.  
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Sample Problem Output for Evaluation of Smoothed Depth Matrix 
4 T  TL( I5  P n l Y T  T H E  S C I L A P  V A R I A T I O N S  P R E O I C T E D  BY I 4 T  T H E  L O C 4 T I f l Y  OF EICH C O Y T R C L  P O I N T  
1 5  C n Y P P R F n  W I T H  T H E  S C A I A P  M I G N I T U n E  tlF THF C C N T R O L  P O I Y T .  
A P L n T  FOR F R E Q l l F h l C V  f l F  W C I I R R E N C F  V S  D I S C Q E P d N C Y  FOLLf lWS 4 S  PLRT n F  T Y I S  L I S T I N G  




5 1  




FORTRAN VARIABLE NAMES 
The major FORTRAN variable names and a r r ays  are defined in table IV. Where 
required, the algebraic equivalent of the variable is shown. Certain variables assumed 
different names in different programs and subroutines and are so indicated in the table. 
CONCLUDING REMARKS 
A generalized digital contouring program has been developed and described. The 
program will accept any type of data regardless of the units o r  the dimensions of the 
region over which the data are to be plotted. Further, the program makes no assump- 
tions regarding either the absolute or the relative magnitudes of the scalar variations 
being plotted. 
The digital contouring program is limited in the number of acceptable control 
points and, to a degree, in the magnitude of the grid separation. A maximum of 
1000 control points can be processed at one time. The grid separation should not be s o  
small  that it requires more than 60 grid points in any one direction in the depth matrix 
which represents the region being contoured. Further, the depth matrix cannot be 
smaller  than a 3 by 3 array. 
A sample problem with 552 data points was processed. The resulting computer 
listing of the output is shown, as well as the machine-generated contour chart. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Hampton, Va., September 3, 1970. 
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TABLE I.- FUNCTION AND STORAGE OF EACH OVERLAID PROGRAM AND SUBROUTINE 
Overlay Program Subroutine Storage 
(0, 0) 16 4608 
CONTOUR 12 32T8 




















GRIDIT 17 1608 
REGRID 2 2608 










Reads program options and directs the order 
of execution of the overlays 
14 
Reads either fixed-point or floating-point 
X-, Y-, and Z-coordinates from either 
card  or tape and generates a coded 
binary tape of data suitable for use by 
the remaining overlays and subroutines 
A system routine for reading binary and 
BCD tapes generated by RECOUT 
A system routine for packing binary and/or 
BCD shorter  records into longer logical 
records of approximately 51210 core 
memory words 
16 
Prepares  the input to SORT2 
A routine for  calling SORT/MERGE using 
RECIN and RECOUT (Data is ordered 
according to program options.) 
17 
Manages lower level overlays 
-~ 
17 
Manages the subroutines GRIDIT 
and REGRID 
Evaluates the gradient a t  each control 
point and evaluates the depth matrix 
Checks each element of the depth matrix; 
fills in the missing elements; smooths 
the matrix 
Converts the units of the input data to the 
plot equivalent in inches 
Examines the boundary elements of the 
depth matrix and reduces the matrix 
dimensions when all the elements in a 
column or  row a r e  missing 
been observed more than once 






Compares each scalar  variation predicted 
by the depth matrix a t  the location of 
each control point with i ts  control-point 
counterpart 
Interpolates between depth-matrix elements 
to evaluate the predicted scalar  variation 
at  the location of each control point 
Compares the predicted scalar  variation 
with i t s  control-point counterpart and 






TABLE I.- FUNCTION AND STORAGE OF EACH OVERLAID PROGRAM AND SUBROUTINE - Concluded 
. .  
Program Subroutine Storage 
. .  
Overlay 
(3, 2) 25 0568 




























-. ~ . 
Description Page 
39 
Determines gr id  spacing and plots origin, as well 
as controls the orderly processing of the columns 
and rows of depth matrix and controls the orderly 
call to each subroutine 
A CalComp modular routine for plotting a grid of 
equally spaced lines 
Basic CalComp instruction to plotter pen; estab- 
lishes plot origin and pen position (up or  down) 
before, during, and after changing locations 
Determines and s tores  the coordinates of the inter- 
cept of each contour line with side 1 of a triangle 
Determines and s tores  the coordinates of the inter- 
cept of each contour line with side 2 of a triangle 
Determines and s tores  the coordinates of the inter- 
cept of each contour line with the common side 
(side 3) of adjacent triangles 
Determines and s tores  the coordinates of the inter- 
cept of each contour line with side 4 of the 
adjacent triangle 
cept of each contour line with side 5 of the 
adjacent triangle 
contour intercepts on opposite sides of a triangle 
and calls NUMBER 





Determines and s tores  the coordinates of the inter- 51 
Plots each line segment connecting corresponding 52 
Labels those contour lines which terminate at the 
Slows plotter for Leroy pen 
Selects CalComp plotting system 
Right-justifies BCD number 


































Variable format for  reading data on card 
types 3 and 4 
Integer specifying the number of control- 
point gradients required to compute an 
elevation at a particular gr id  point 
Integer specifying the number of control 
points required to compute a gradient at 
a particular control point 
Integer specifying the maximum difference 
between scalar variations 
Floating-point variable specifying the spacing 
between elements of the depth matrix 
Floating-point variable for  converting the 
units of DIST into the smallest  unit for 
which a conversion factor is available 
for converting UNIT to inches 
Floating-point cmversion factor for  con- 
verting UNIT to inches 
Floating-point interpolation factor for  sub- 
dividing the submatrices in AUTOCON 
Contour interval 
Scale of the graphic 
Desired separation between gr id  lines of the 
Maximum anticipated slope between control 
Code specifying whether data are to  be sorted 
g r ap hi c 
points 
+1 s o r t  data 
-1 do not s o r t  data 
Minimum anticipated scalar variation 
Maximum anticipated scalar variation 
A code specifying whether control-point data 
are on tape or  punched cards  
+1 data are on tape file 9 
-1 data are on punched cards  
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. - -  
A code indicating type of data 
+1 data are fixed point 
-1 data are floating point 
A code indicating pr imary  and secondary 
variables in  SORT/MERGE routines 
Code Variable Direction Order  
-1 X Ascending Secondary 
Y Descending P r imary  
0 X Ascending Secondary 
IDIST Descending P r imary  
1 IDlST Ascending P r imary  
Y Descending Secondary 
2 Y Descending Secondary 
X Ascending Pr imary  
A variable format  for reading X, Y, 
and Z parameters  on control-point data 
cards  
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TABLE IU.- TABULATED CONTROL POINT DATA 
FOR SAMPLE PROBLEM 
69 
TABLE ID.- TABULATED CONTROL POINT DATA 
FOR SAMPLE PROBLEM - Continued 
IY 
5 2 5 2 1  
- Iz 
-1  R 7 1  
-
70 
TABLE III.- TABULATED CONTROL POINT DATA 
FOR SAMPLE PROBLEM - Continued 
71 
TABLE III.- TABULATED CONTROL POINT DATA 
FOR SAMPLE PROBLEM - Continued 
72 
TABLE ID..- TABULATED CONTROL POINT DATA 
FOR SAMPLE PROBLEM - Continued 
73 
TABLE III.- TABULATED CONTROL POINT DATA 
FOR SAMPLE PROBLEM - Concluded 
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TABLE IV.- DEFINITIONS AND MATHEMATICAL EQUIVALENTS 
O F  MAJOR FORTRAN VARIABLE NAMESa 
Mathe mati cal Pr imary  Equivalent 















Ait Bj.9 Ci 
Hi,Zj Array containing real and 
Arrays containing coefficients 
of gradient vector 
predicted scalar variations 
Array representing esti- 
mated gradient 
Array defining categories of 
dis c repancie s 
Array of contour l ines inter-  
secting side 1 
Array of contour lines inter-  
secting side 2 
Array of contour lines inter-  
secting side 3 
Array of contour lines inter-  
secting side 4 
Array of contour lines inter-  
secting side 5 
Array containing a count of 
discrepancies (frequency 
of occurrence) 
Array for  storing in memory 
all the control-point data 
Array within which the 
BSPP -I- 1 by BSPP + 1 
elements of the submatrix 
are stored 
Array of vectorial compo- 
nents of a vector approxi- 
mating gradient 
Array containing components 
of a vector approximating 
the gradient 
Depth- matrix a r r ay  
- Hi - 
I MAT,IEL 
~ 
aVariables in  table I1 are not listed except where mathematical equivalents are given. 
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TABLE 1V.- DEFINITIONS AND MATHEMATICAL EQUIVALENTS 
O F  MAJOR FORTRAN VARIABLE NAMESa - Continued 
Pr imary  Equivalent Mathematical 




Constant bias added to I 














Array for  storing three rows 
of I matrix 
Distance of control data 
point from a common 
origin 
Array containing location of 
input and output files for 
SORT2 
An a r r ay  containing informa- 
tion regarding input record 
structure and number of 
input files and of variables 




and type of variable to be 
ordered and direction of 
so r t  
X-coordinate of control - 
Y-coordinate of control- 
Z-coordinate of control- 
Array containing location 
Locations of the X- 
coordinates of each cor-  
ner  of I matrix 
Locations of the Y- 
coordinates of each cor- 
ner of I matrix 
KM JJ,MAT Number of rows in  I matrix 
KMAX k' Number of neighboring con- 
t rol  points 
_ _  
aVariables in  table I1 are not listed except where mathematical equivalents are given. 
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TABLE N.- DEFINITIONS AND MATHEMATICAL EQUIVALENTS 
O F  MAJOR FORTRAN VARIABLE NAMESa - Continued 





























Number of neighboring con- 
Number of columns in 
t ro l  points 
I matrix 





Locations of X-intercepts 
Locations of Y intercepts 
Locations of X intercepts 
with side 1 
with side 1 
with side 2 
Locations of Y intercepts 
Locations of X intercepts 
with side 2 
with side 3 
Locations of Y intercepts 
with side 3 
Locations of X intercepts 
with side 4 
Locations of Y intercepts 
Locations of X intercepts 
with side 4 
with side 5 
Locations of Y intercepts 
with side 5 
Radial distance between 
two points 
r r  2’ j 
.~ 
aVariables in  table I1 are not listed except where mathematical equivalents are given. 
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TABLE 1V.- DEFINITIONS AND MATHEMATICAL EQUIVALENTS 
O F  MAJOR FORTRAN VARIABLE NAMESa - Concluded 















Inner radius of ring 
Maximum distance of data 
point from arb i t ra ry  
origin 
Outer radius of ring 
Distance between elements 
X-coordinate of submatrix 
of I at plotting scale 
center 
Y-coordinate of submatrix 
Weight 
X-dimension of I 
center 
Y-dimension of I 
- - 
'Variables in  table I1 are not listed except where mathematical equivalents are given. 
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